ABSTRACT: This study evaluated the effects of gender and feeding of ractopamine on growth performance, carcass, and meat quality characteristics of pigs reared under commercial conditions. The study was performed as a randomized complete block design (blocking factor date of start on test) with a 3 × 2 factorial arrangement of treatments: 1) gender [gilt vs. surgical castrate vs. intact males immunocastrated] and 2) ractopamine level (0 vs. 5 g/ton). The study was conducted out over a fixed duration (126 d . Pigs were kept in groups of 10 or 11 in the nursery phase and then moved to the growing-finishing facility where they were kept in groups of 22 to the end of the study. At the end of the growth study, pigs were harvested and carcass and pork quality were evaluated, including consumer evaluation of eating quality. During the nursery, there was no effect of gender (P > 0.05) on G:F, but surgical castrates grew faster (P < 0.05) than intact males and gilts and had greater (P < 0.05) ADFI than intact males. There was no effect of gender (P > 0.05) on ADG in the growing period; however, immunocastrated males had lower ADFI than surgical castrates and greater G:F than surgical castrates and gilts. In finishing, immunocastrated males and surgical castrates had similar ADG but grew faster than gilts; G:F was greater for immunocastrated males than the other genders. Feeding 5 compared to 0 g/ton ractopamine increased ADG and G:F but had no effect (P > 0.05) on carcass yield or fresh meat quality. Carcass yield was lower but percentage lean cut yield was greater for immunocastrated males than for surgical castrates. Longissimus muscle drip loss was greater (P = 0.05) for immunocastrated males than surgical castrates. Gender had no effect (P > 0.05) on consumer panel evaluation. Feeding ractopamine had no effect on pork flavor and tenderness but improved juiciness scores. Odor scores were similar (P > 0.05) for surgical castrates and immunocastrated males that were fed ractopamine. Consumers gave lower liking scores for odor for immunocastrated males than surgical castrates that were not fed ractopamine. This study highlights the feed efficiency and lean cut yield advantage for immunocastrated males compared to surgical castrates and suggests a similar growth response to feeding ractopamine in these genders. Although immunocastrated males had a lower carcass yield and higher drip loss, panelists were not able to detect differences in pork juiciness, flavor, and tenderness when compared to surgical castrate pigs.
INTRODUCTION
Male pigs destined for meat production have normally been surgically castrated, mainly because of concerns over boar taint. However, entire male pigs have greater feed efficiency and produce leaner carcasses than surgical castrates (Dunshea et al., 1993) . Improvac (Pfizer Animal Health, México city, Mexico) has been approved for use in Mexico and the United States (where it is known as Improvest) for immunological castration of males. It immunizes against gonadotropin-releasing factor, which prevents testicular steroid synthesis and the development of boar taint. This allows the benefits of entire males to be achieved for a major part of the growing period whilst inhibiting the development of boar taint at the end of finishing (Dunshea et al., 1993; Bonneau et al., 1994) . Previous studies have generally compared immuno-and surgical castrates from time of first Improvac injection, generally at around 4 m of age, and there is limited published data on the performance of these genders across the grow-finish period. Such information is essential for a comprehensive evaluation of the benefits of immunocastration.
Ractopamine hydrochloride (ractopamine; Paylean; Elanco Animal Health, Guadalajara, Mexico) is widely used in commercial production to improve growth performance and carcass leanness (Apple et al., 2007) . There has been limited research on the use of ractopamine in immunocastrates compared to other genders under commercial conditions. Rikard-Bell et al. (2009) found that the growth response to feeding ractopamine was similar in immuno-and surgical castrates. However, Dunshea et al. (1993) found that the response in growth rate to feeding ractopamine was less in entire males than in gilts and surgical castrates. The objective of this study was to evaluate the effects of gender (immunocastrates, gilts, and surgical castrates) and of feeding ractopamine on growth performance from weaning to harvest and on carcass and meat quality under commercial conditions.
MATERIAlS AND METhODS
This study was performed by the Centro Nacional de Investigación Disciplinaria en Fisiología Animal (INIFAP), located near Queretaro, Mexico. The experimental protocol for this study was conducted according the Mexican Norm (NOM 033, 051, and 062) for care of animals in research and used procedures validated by the appropriate committee of INIFAP.
Experimental Design and Treatments
The study was performed as a randomized complete block design (blocking factor was date of start of test) with a 3 × 2 factorial arrangement of the following treatments: 1) gender (gilt vs. surgical castrate vs. immunocastrate) and 2) dietary ractopamine inclusion level (0 vs. 5 g/ton).
Study Timelines
The study was performed over a fixed duration of 126 d from 1 wk after weaning (28 d of age; 8.04 ± 1.31 kg BW) to 154 d of age (111.44 ± 4.67 kg BW). The study was divided into 3 growth periods, namely nursery (28 to 63 d of age; d 0 to 35 of the study), growing (63 to 98 d of age; d 35 to 70 of the study), and finishing (98 to 154 d of age; d 70 to 126 of the study). Immunocastration of the entire males was performed by the administration of 2 injections of Improvac (each of 2 mL) at 98 and 126 d of age, in accordance with the manufacturer's recommendations. The ractopamine treatment was applied immediately after the second Improvac injection for the final 28 d of the study period.
Animals and Housing
Pigs were the progeny of PIC 337 sires and PIC C23 dams (PIC North America, Hendersonville, TN) produced on a commercial sow farm located in the state of Queretaro, Mexico. At birth, litters were randomly allotted to the immuno-and surgical castrate treatment with all males in the later group being castrated at 3 d of age. Pigs were weaned at an average age of 21 ± 3 d of age and were moved to the farm where the study was conducted, also located in the state of Queretaro, at an average of 28 d of age. Pigs were housed in nursery facilities for the first 35 d of the study and then moved to the growing-finishing facility where they remained until the end of the study. A total of 1,018 pigs were received from the sow farm in 3 groups (blocks) consisting of 520 gilts, 232 barrows, and 266 entire males.
During the nursery period, pigs were kept in a controlled environment facility in single-gender pens with 10 or 11 pigs/pen (50 groups of gilts, 23 groups of surgically castrated males, and 26 groups of immunocastrated males). Pens had perforated metal floors and dimensions of 2.1 by 2.3 m, providing a floor space of 0.44 m 2 /pig. Each pen was equipped with a box feeder (with 6 feeding spaces) and 2 nipple-type water drinkers.
After the 35 d nursery period, pigs were moved to an open-sided growing-finishing facility where they remained until the end of the study. They were housed in single-gender groups of 22 animals in pens with solid concrete floors and dimensions of 5 by 6 m providing a floor space 1.36 m 2 /pig. Each pen was equipped with a box feeder with 8 feeding spaces and 3 nipple-type water drinkers. A shallow trough containing water, which was used by the pigs for cooling, was located along one side of the pen, covering about 12% of the pen area. Feed and water were available ad libitum throughout both the nursery and growing-finishing periods.
Allotment to ractopamine treatment was carried within gender when the pigs were moved from the nursery to the grow-finish facility at 63 d of age. Pigs were individually weighed, formed into outcome groups of 2 animals of the same gender and litter of origin and of similar BW, and randomly allotted from within outcome groups to one of two pens. This process was repeated until there were 22 pigs in each pen; pen was randomly allotted to ractopamine level treatment (0 or 5 g/ton). There were 22 pens on the 0 g/ton ractopamine level (11, 5, and 6 pens of gilts, surgical castrates, and immunocastrates, respectively) and 23 pens on the 5 g/ton ractopamine treatment (12, 5, and 6 pens of gilts, surgical castrates, and immunocastrates, respectively).
Diets
Five dietary phases were used over the study period with phases 1 to 5 being fed for 14, 21, 35, 28, and 28 d, respectively. Diets were based on sorghum, corn, barley, soybean meal, canola meal, sesame meal, and crystalline amino acids. The ME content was kept constant for all diets within each dietary phase (3.45, 3.40, 3.32, 3.29, and 3.22 Mcal/kg for phases 1 to 5, respectively). The first 3 phases were the same for all genders and were formulated to meet the requirements of the entire males and contained 20.1, 20.4, and 19.0% CP, respectively, and 1.32, 1.28, and 0.93% standardized ileal digestible lysine (SID-Lys), respectively. Phase 4 diets for gilts and surgical castrates were formulated to the same CP and true digestible lysine levels (18.0 and 0.80%, respectively); those for immunocastrates were formulated to 18.9% CP and 0.85% SID-Lys. Phase 5 diets for pigs not fed ractopamine had higher CP and lysine levels for gilts and immunocastrates (16.6 and 0.76%, respectively) than for surgical castrates (15.3 and 0.67%, respectively). For pigs fed ractopamine, the same phase 5 diet was used for the 3 genders (17.0% CP and 0.85% SID-Lys).
Dietary protein and essential amino acid levels were based on estimates of daily lean deposition rates between 20 and 120 kg (0.30 kg/d on average) and daily feed intake (2.12 kg/d on average) established with previous groups of pigs from the same source and in the same facility that was used for this study. Digestible levels of all essential amino acids were at or above the ideal ratio relative to true digestible lysine for finishing pigs (Baker and Chung, 1992) . For all other nutrients, diets were formulated to meet or exceed the recommendations of NRC (1998). All diets were manufactured at a commercial feed mill and fed in a pelleted form.
Growth Performance Measures
Pigs were weighed at the beginning, d 35, and the end of the study and every 14 d during the study period. All feed additions and feed remaining in the feeder at the time of pig weighing were recorded and were used to calculate ADFI and G:F. Longitudinal ultrasound measurements were taken on a randomly selected subsample of 10 pigs/pen at d 70 (the time of the first Improvac injection), d 98 (time of second Improvac injection and start of ractopamine feeding period), and d 126 (end of the study). A longitudinal scan was taken between the 10th and last rib using Aloka SSD-550 real-time ultrasound equipment fitted with a linear transducer (170 by 30 mm) at 3.5 MHz (Hitachi-Aloka Medical, Tokio, Japan). Average backfat thickness and LM depth were measured on the scan and used to estimate carcass fatfree lean content using the equation reported by Cisneros et al. (1996) . Fat-free lean gain was calculated as the difference between the estimates of carcass fat-free content at the start and end of the respective period divided by the number of days in the period.
Harvest and Carcass Measures
At the end of the growth performance evaluation, a subsample of 36 surgical castrates and 36 immunocastrates (18 per gender × ractopamine treatment subclass; 3 or 4 pigs from each pen that were nearest to the pen mean BW) was selected for harvest and carcass and meat quality evaluation. Gilts were not evaluated in this part of the study because the major objective was to evaluate the carcass and meat quality of immunocastrates compared to surgical castrates.
Pigs were taken off feed at the farm at approximately 1900 h before the day of harvest and were fasted for approximately 10 h before being transported to a commercial plant located approximately 160 km from the farm. They were held in lairage for approximately 6 h before harvest without feed but with access to water. Harvest and carcass dressing were performed using standard commercial procedures.
Carcasses were weighed (including head and feet) immediately after harvest (HCW) and then placed in a chiller (4°C) for approximately 24 h (cold carcass weight). On the day following harvest, each carcass side was ribbed between the 10th and 11th ribs and backfat depth (measured three-fourths the length of the LM from the chine bone) was measured and the LM area was outlined. Loin eye area and loin eye depth (thickness of the LM measured with a ruler, through the center of the muscle) were determined using the grid method. The left side of the carcass was fabricated according to Mexican guidelines (NMX-FF-081-2003; Secretaría de economía, 2003) , which are comparable to those described by National Association of Meat Purveyors (NAMP, 1992) , into the following lean cuts: ham, picnic, Boston butt, loin, tenderloin, and belly.
Fresh Meat Quality Assessment
A section of LM was removed from the right side of the carcass between the ninth and 12th ribs and was vacuum packaged before being transported to the laboratory under refrigeration. Measurements taken at 24 h postmortem on the LM at the 10th rib included ultimate pH [using a SKF Star Probe (SKF Technologies, Cedar Rapids, IA)], subjective scores for color, firmness, and marbling [using 5-point scales (1 = pale, soft, and devoid of marbling and 5 = dark, firm, and moderately abundant or greater marbling; NPPC, 1991)], and objective color measurements [L*, a*, and b* using a Minolta Chroma Meter CR-400 (Minolta, Ramsey, NJ) using illuminant D65 and 2° standard observer, with 50 mm aperture]. All subjective and objective carcass measurements were collected by the same trained evaluator.
Three 2.5 cm thick chops were obtained from the LM posterior to the 10th rib and trimmed of epimysium and external fat. One chop was weighed, placed in a Whirl-pak bag, suspended in a chiller (4°C) for 48 h, and reweighed and drip loss was calculated (Honikel, 1998) . The remaining 2 chops were vacuum packaged, and placed in a chiller (4°C) for 5 d, after which they were frozen (-20°C) for subsequent consumer panel evaluation.
Consumer Panel Evaluation
Chops were thawed at 4°C for 24 h before cooking, which was performed according to the procedures of American Meat Science Association (AMSA, 1995). Chops were cooked on an electric grill to an internal temperature of 70°C with the chop being turned when the internal temperature reached 35°C. Temperatures were monitored by copper constantan thermocouples inserted into the center of the chop and attached to a thermometer (Digi-Sense; ColeParmer, Barrington, IL). The consumer panel included regular consumers of pork (on the average at least twice per week). The panel consisted of 58 members, 52% females and 48% males, all of them Mexican nationals from Central Mexico. Age ranged from 20 to 45 yr old, and 69% of the panel was classified as students and the rest as householders. Each panelist received 3 samples (cooked chops that were cut into 2 cm cubes) from each treatment. Panelists were presented twice with 2 groups of samples; at random, each group contained 3 samples from surgical castrates and 3 from immunocastrates, fed or not 5 g/ton ractopamine. Samples were scored for odor, flavor, juiciness, and tenderness using 9-point hedonic scales (1 = dislike strongly, 5 = neither like or dislike, and 9 = like strongly).
Statistical Analysis
Data were analyzed as a randomized complete block design using the PROC MIXED procedure of SAS (version 9.1; SAS Inst. Inc., Cary, NC). For the analysis of growth performance and of carcass and meat quality measures, the model included the effects of gender, ractopamine treatment, the interaction, and block. For the analysis of the consumer panel data, which were not normally distributed, the Kruskal-Wallis test was used to compare means.
RESUlTS AND DISCUSSION

Effects of Gender on Growth Performance
Nursery and Growing Periods. The growth performance of the 3 genders during the nursery (start to d 35 of the study) and growing (d 35 to 70 of the study; up to time of the first Improvac injection) periods is summarized in Table 1 . Surgical castrates and gilts were heavier (P < 0.01) than the intact males at the start of the study (28 d of age). In addition, surgical castrates grew faster during and were heavier at the end of the nursery period than the other 2 genders. However, there was no difference (P > 0.05) between the genders for growth rate in the growing period (Table 1 ). The intact males that became immunocastrates had lower ADFI than the other 2 genders during the nursery period and lower ADFI than surgical castrates during the growing period (Table 1) . There was no effect (P > 0.05) of gender on feed efficiency in the nursery period; however, intact males had greater G:F than the other 2 genders during the growing period (Table 1) .
Previous research has generally shown that surgical castrates have greater feed intake and growth rate but poorer feed efficiency compared to gilts (Hamilton et al., 2003; Hyun et al., 2005 ). In the current study, growth rate was greater for surgical castrates than gilts during the nursery but not the growing period and feed intake and G:F were similar (P > 0.05) for these two genders during both periods. Differences in growth performance between surgical castrates and gilts have generally been shown to increase at heavier weights (Shull, 2013) . The lack of consistent differences in growth performance between surgical castrates and gilts during the nursery and growing periods may, in part at least, reflect the relatively light weights over which performance was evaluated and also the fact that the pigs were moved to a different facility between these two periods.
Although there is an increasing volume of literature relating to the effect of immunocastration on growth, most studies have focused on the period after the first Improvac injection. There is, therefore, limited recently published data on the early growth performance of entire males relative to surgical castrates and gilts. Pauly et al. (2008) and Zamaratskaia et al. (2008) found no difference in growth rate between entire males and surgical castrates from weaning to 21.6 kg BW and birth to 9 wk of age, respectively. Morales et al. (2010) found no difference between entire males, gilts, and surgical castrates for growth rate from 30 to 60 kg BW; however, surgical castrates had greater feed intake and poorer feed efficiency that the other 2 genders. Similarly, Pauly et al. (2008) showed that surgical castrates had greater feed intake and poorer feed efficiency than entire males between 21.6 and 65 kg, findings that are similar to those of the current study. However, in the study of Pauly et al. (2008) , the surgical castrates grew faster than the entire males.
During early postnatal life (approximately 2 to 5 wk of age), intact male piglets had a transient activation of the hypothalamic-pituitary-gonadal axis, which results in increased levels of circulating testicular steroids including androstenone (Zamaratskaia and Squires, 2009) . As a result of these hormonal changes, Leydig cell and testicle development occurs (Van Straaten and Wensing, 1978) . Those hormonal changes reduce feed intake in intact males (Claus et al., 1994) and can explain the lower body weight of intact males at the start of the study (28 d of age) compared to the surgical castrated piglets, because this transient activation of the hypothalamic-pituitary-gonadal axis is abolished by surgical castration postnatally (Metz and Claus, 2003) . Differences between genders for growth performance are likely to be influenced by the weight range over which the comparison is made and may well be genotype specific. Differences in early growth performance between entire males and the other genders before Improvac administration will impact the economics of producing the different genders and further research is needed to quantify such differences in contemporary genotypes.
Finishing Period. Least-squares means for the effects of the gender and ractopamine on growth performance during the finishing period are summarized in Table 2 .
At the start of the finishing period, intact males were lighter than the other 2 genders (Table 2) . This study was performed as a fixed-age, fixed-time trial and pigs of all genders were of a similar age at the start of the finishing period. Consequently, differences in weight at the start of this phase of the experiment were due to prior gender differences in growth rate, which have been discussed previously.
There were gender × ractopamine treatment interactions (P < 0.05) for ADFI in Period 2 and for the overall 56 d finishing period (Table 2 ). There were no differences (P > 0.05) in feed intake between the genders in either period for the pigs that were fed ractopamine. However, for the pigs that were not fed ractopamine, gilts had lower ADFI than the other 2 genders in Period 2 and lower ADFI than surgical castrates in the overall finishing period. However, there were no treatment interactions (P > 0.05) for ADFI in Period 1 or for ADG and G:F in either period or overall (Table 2) .
Over the 56 d finishing period, surgical castrates grew faster (46 g/d; 4.9%; P < 0.05) and had a lower G:F (0.016 kg:kg; 4.6%; P < 0.05) but similar (P > 0.05) fat-free lean gain than gilts (Table 2) . These results are generally in agreement with previous research that compared the growth performance of these two genders in the finishing period (Dunshea et al., 1993) . Differences in ADG and G:F between surgical castrates and gilts for the interim periods (d 98 to 126 and d 126 to 154 of the study) were generally similar to those for the overall growth period; however, they were not always statistically significant (P > 0.05; Table 2). This, in part, reflects the relatively short periods of time (28 d) over which interim performance was measured.
For the Periods 1 and 2 and the overall finishing period, immunocastrates had similar (P > 0.05) ADG to the surgical castrates but greater (P < 0.05) ADG than gilts (Table 2) . Average daily feed intake was greater for surgi- cal castrates than for immunocastrates in Period 1 of the finishing phase but not for Period 2 or the overall finishing period. Average daily feed intake increased from Period 1 to Period 2 in all 3 genders; however, the extent of the increase was much greater in immunocastrates (approximately 33%) than in surgical castrates (approximately 10%). Increases in feed intake in immuno-relative to surgical castrates after the second Improvac injection has been observed in a number of studies (Fabrega et al., 2010; Puls et al., 2012) . Gain:feed was greater (P < 0.0001) for immunocastrates than for surgical castrates and gilts for Period 1 and for the overall study period but not in Period 2. In addition, predicted fat-free lean gain for the overall finishing period was greater in immunocastrates than in surgical castrates and gilts. Few studies have reported on lean growth rates in immunocastrates compared to other genders. Dunshea et al. (1993) found that entire males had greater protein growth rates compared to surgical castrates, and Oliver et al. (2003) found that lean growth rates for entire males and immunocastrates were similar but greater than for gilts.
Effects of Ractopamine on Growth Performance
During the period when ractopamine was fed (Period 2) pigs fed 5 compared to 0 g/ton were heavier (P < 0.05) at the end of the period (5.6 kg; 5.2%) and had greater ADG (164 g; 18.5%; P < 0.05) and G:F (0.036; 12.2%; P < 0.05). As previously discussed, in Period 2 feeding 5 g/ton compared to 0 g/ton ractopamine had no effect on ADFI in immuno-and surgical castrates but increased intake in gilts (Table 2) . Apple et al. (2007) performed a meta-analysis of the results of 23 published studies that evaluated the effect of feeding ractopamine to finishing pigs and reported that the response to feeding 5 compared to 0 g/ton, averaged across studies, was an increase in ADG of 12% (range between 6.4 to 25.9%) and an improvement in G:F of 10% (range 6.3 to 17.2%), with little effect on ADFI. Therefore, the improvement in growth rate and feed efficiency a-c Within a row, treatment, and treatment interaction, means with differing superscripts differ (P < 0.05).
1 First Improvac injection (2 mL/pig).
2 Second Improvac injection (2 mL/pig). observed in the current study is within the range found in previous research. However, the different response in ADFI to feeding ractopamine in gilts compared to the other 2 genders was unexpected. Although some studies have shown an increase in feed intake in pigs fed 5 g/ton ractopamine (Armstrong et al., 2004) , there are no reports of a differential response in ADFI between the genders from feeding this level of ractopamine. Predicted daily fat-free lean gain was increased in Period 2 by 70 g (20.8%) in pigs fed ractopamine (Table 2) , which is similar to the results of Oliver et al. (2003) . Therefore, the improvements in growth performance observed in the current study resulting from feeding 5 g/ton ractopamine were substantial and were, generally, in agreement with the results of published studies.
The lack of any gender × ractopamine treatment interactions (P > 0.05) for growth rate and feed efficiency (Table 2) suggests that the improvements in those traits from feeding ractopamine were consistent across the 3 genders evaluated. This result is similar to that of RikardBell et al. (2009) , who found no gender × ractopamine treatment interactions for intact males, immunocastrated males, and gilts fed a step-up ractopamine feeding program (5 g/ton for the first 14 d followed by 10 g/ton for 17 d) compared to controls (without ractopamine). Also, Dunshea et al. (1998) found no gender × ractopamine treatment interactions for entire males and gilts fed either 0 or 20 g/ton ractopamine. In contrast, Dunshea et al. (1993) found that growth rate was increased in gilts and surgical castrates fed 20 g/ton compared to 0 g/ton of ractopamine but not in entire males. Although there has been a substantial amount of research performed involving feeding of ractopamine (Apple et al., 2007) , the majority of the studies have been performed in the United States have involved gilts and surgically castrated males. Most of these studies have suggested that the response to feeding ractopamine is similar in these 2 genders. However, given the limited number of studies involving feeding ractopamine to entire and immunocastrated males, further research is needed to clearly establish the responses to ractopamine in these genders.
Carcass and Fresh Meat Quality Characteristics
Least squares means for the effects of gender (surgical and immunocastrates only) and ractopamine on carcass and meat quality characteristics are presented in Table 3 , with the results for lean cut yields being given in Table 4 .
Effects of Gender. Despite the difference in end of study weight between surgical and immunocastrates (Ta- ble 2), harvest live weight was not different (P > 0.05) between the genders (Table 3 ). Carcass and meat quality evaluation was performed on a subsample of pigs, and the lack of a difference between the genders in harvest weight was the result of the sampling procedure were 3 or 4 pigs out of 22 were sight chosen to be close to the pen mean. Carcass and meat quality evaluation was performed on a subsample of pigs and the lack of a difference between the genders in harvest weight was the result of the sampling procedure, where 3 or 4 pigs out of 22 were randomly chosen, avoiding the extremes by visual evaluation, to approach the pen average. Hot carcass weight was numerically lower (P = 0.08) and carcass yield was 1.7 percentage units lower (P = 0.0001) for immuno-than for surgical castrates (Table 3) . This finding is similar to reports from other studies that have compared these 2 genders (Zamaratskaia et al., 2008; Pauly et al., 2008) . Interestingly, there is a considerable range between studies in the carcass yield difference between immuno-and surgical castrates. For example, D'Souza and Mullan (2003) found that immunocastrates had 0.6% unit lower carcass yield than surgical castrates whereas in the study of Font i Furnols et al. (2012) the reduction was 3.9% units. Therefore, the difference in carcass yield between these 2 genders in the current study is within the range found in published literature.
Backfat thickness was lower (P < 0.001) for immunothan surgical castrates; however, a tendency (P = 0.10) was found for LM area to be greater for immunocastrates than for surgical castrates; however, LM depth was similar (P > 0.80) for immuno-and surgical castrates (Table 3) . A number of other studies have shown lower backfat thickness for immuno-compared to surgical castrates Morales et al., 2011) ; however, others have shown no difference between these 2 genders for either backfat depth (D'Souza and Mullan, 2003; Boler et al., 2012) or LM depth (Fabrega et al., 2010) or area (Yuan et al., 2012) . Variation between studies in the difference between immuno-and surgical castrates for backfat depth and LM measurements is likely to reflect study differences in live weight at harvest and/or in the time between the second Improvac injection and harvest.
There were no differences between immuno-and surgical castrates for subjective and objective color measurements (Table 3) , a finding that is similar to that of a number of other studies (Skrlep et al., 2010; Boler et al., 2012) . Subjective marbling scores were greater (P < 0.001) for surgical than for immunocastrates, which is in line with other research Boler et al., 2012) and the greater carcass fat levels of the surgical castrate. Drip loss was greater (P ≤ 0.05) for immuno-compared to surgical castrates (Table 3 ). This finding is unexpected given that there was no difference between the genders for muscle color and also that most other studies have shown no difference between these genders for drip loss (Pauly et al., 2008; Lebret et al., 2010) . D'Souza and Mullan (2003) did find that immunocastrates had greater drip loss than entire males but not than surgical castrates.
There was no effect (P > 0.05) of gender on the DM content of the LM (Table 3) ; muscle protein content was greater (P < 0.05) for immuno-than surgical castrates (Table 3) ; however, the gender difference was relatively small. There was a gender × ractopamine treatment interaction (P < 0.05) for LM fat content (Table 3) . For pigs that were not fed ractopamine, surgical castrates had greater (P < 0.05) muscle fat content than the immunocastrates; in contrast, there was no difference (P > 1 Consumer panel included 58 untrained panelists that were regular pork consumers.
2 Scoring system used a 9-point hedonic scale (from 1 = dislike strongly, 5 = neither like nor dislike, to 9 = like strongly). 0.05) in muscle fat content between the genders for the pigs fed 5 g/ton ractopamine (Table 3 ). There is considerable variation in the published literature in gender differences in LM fat content. A number of studies have shown greater muscle fat content for surgical compared immunocastrates Skrlep et al., 2010; Font i Furnols et al., 2012) ; however, some studies have found little difference in muscle fat content between these 2 genders (Lebret et al., 2010; Morales et al., 2010 Morales et al., , 2011 . Interestingly, Boler et al. (2012) found no difference in LM fat content between immuno-and surgical castrates harvested at 4 wk after second Improvac injection; however, in pigs harvested at 6 wk after second injection surgical castrates had greater LM fat content than immunocastrates. Care is needed when interpreting the results of the study of Boler et al. (2012) because the pigs that were harvested at 4 wk after second injection were the fastest growing animals and, consequently, any effect of time of harvest after second injection was confounded with the growth rate of the pigs. Fat deposition rates are likely to increase in immunocastrates after the second Improvac dose as the animals transition from being an entire to a castrated male. Consequently, the extent of the differences between surgical and immunocastrates in carcass and muscle fat levels is likely to change depending on the timing of harvest relative to the time of the second injection. Least squares means for the effect of gender on lean cut yields is presented in Table 4 . Immunocastrates had a greater (P ≤ 0.01) yield of shoulder cuts (picnic and Boston butt), tenderloin, and total lean cuts but lower belly yields than surgical castrates. Few studies have evaluated commercial cutting yields in immuno-compared to surgical castrates and these have generally used different cutting and trimming methods, which makes it difficult to directly compare the results of the present study with previous research. Boler et al. (2012) , who used similar cutting and trimming procedures to those used in the present study, showed that the lean cut yield was 2.61 and 2.63% units greater for immuno-than surgical castrates harvested at 4 and 6 wk after second Improvac injection, respectively, which is greater than the difference between these 2 genders found in the present study (1.43% units). Boler et al. (2012) also showed lower percentage belly but greater percentage picnic and Boston butt for immuno-compared to surgical castrates, which is similar to the results of the current study.
Effects of Ractopamine. There was no effect (P > 0.05) of feeding ractopamine on carcass yield (Table 3) . The meta-analysis of published studies performed by Apple et al. (2007) suggested that feeding 5 compared to 0 g/ton ractopamine increased carcass yield by 0.2% units, averaged across studies, with a range for individual studies of between 0.2 and 1.5% units. In the present study, carcass yield was numerically higher for pigs fed 5 compared to 0 g/ton, but this difference was not statistically significant (P > 0.05).
There was no effect (P > 0.05) of ractopamine on backfat depth or LM depth; however, LM area was greater (P < 0.05) for pigs fed 5 compared to 0 g/ton ractopamine (Table 3) . A number of studies have also shown no effect of feeding 5 compared to 0 g/ton ractopamine on backfat thickness (Stites et al., 1991; Armstrong et al., 2004) whilst others have shown reduced backfat thickness for the pigs fed 5 g/ton (Uttaro et al., 1993; Herr et al., 2001 ). In general, most studies have shown an increase in LM area in pigs fed 5 compared to 0 g/ton ractopamine (Watkins et al., 1990; Stites et al., 1991) , which is in agreement with the results of the present study.
There was no effect (P > 0.05) of feeding ractopamine on subjective and objective muscle color measures, subjective marbling scores, or drip loss ( Table 4 ), results that are in line with other published studies that have compared the effects of feeding 0 and 5 g/ton of ractopamine (Apple et al., 2007) . Pigs fed 5 compared to 0 g/ton of ractopamine had similar (P > 0.05) LM DM and protein content. A number of studies have also shown no effect of feeding 5 g/ton ractopamine on LM moisture content (Carr et al., 2005; Kutzler et al., 2011) .
Consumer Panel Evaluation of Eating Quality
Means for the effects of gender and ractopamine on consumer panel evaluation of the eating quality of pork chops are presented in Table 5 . There was no effect (P > 0.05) of gender on scores for juiciness, flavor, and tenderness. There was a gender × ractopamine treatment interaction (P < 0.05) for odor scores (Table 5) . There was no difference between the genders (P > 0.05) in odor scores for pigs fed ractopamine at 5 g/ton; however, for pigs not fed ractopamine immunocastrates had lower (P < 0.05) odor scores than surgical castrates, suggesting that the odor of pork from immunocastrates was less liked than that from surgical castrates. However, the difference between the genders for odor scores was relatively small. Previous studies have generally found no differences between immuno-and surgical castrates in eating quality characteristics evaluated by either trained sensory (Font i Furnols et al., 2009) or consumer (Font i Furnols et al., 2008) panels. D'Souza and Mullan (2003) used a consumer panel to evaluate the effect of gender on eating quality in 2 genotypes and found that immunocastrates were judged to have better eating quality than surgical castrates in one genotype but that the reverse was the case in the other genotype.
The lower odor score for pigs without ractopamine could be related to the following facts: the addition of ractopamine to the diet is known to produce a reduction in the efficiency of energy deposition (Mitchell, 2009 ) that is consistent with a lower carcass and loin extractable lipid content (Kutzler et al., 2011) ; 5α-androstenone and skatole are regarded as the main compounds leading to "boar taint," a sex-specific odor from pork taken from entire males as elevated concentrations of both substances may be found in adipose boars tissue (Zamaratskaia and Squires 2009) . After castration, the levels of androstenone and skatole from adipose tissue require some time to be eliminated; Bonneau et al. (1994) reported half-lives of androstenone from adipose tissue following castration from 4 to 14 d in 175 d of age boars. In this study, immunocastration second vaccination was done 24 d before slaughter, which is time probably sufficient to completely eliminate traces of off-odor substances when the pigs were in a low fat deposition regimen (i.e., eating ractopamine) but not sufficient enough for pigs without ractopamine. In practice, it should be regarded that the longer the period after the second vaccination, the lower the possibilities for any off-odor or flavor. Current concurrent safety measures in industry call for a period of 35 to 63 d after the second immunization.
Consumers considered pork from pigs fed 5 compared to 0 g/ton ractopamine to be more juicy (P = 0.01) but to have similar (P > 0.05) flavor and tenderness. Most studies have shown little or no effect of feeding 5 g/ton ractopamine on pork eating quality (Apple et al., 2007) .
This study, which is one of the first to be performed under commercial conditions in North America, shows advantages for the immuno-compared to the surgical castrate in terms of feed efficiency and lean cut yield but a disadvantage in terms of carcass yield. These results also suggest that the growth responses to feeding ractopamine will be similar and that pork quality will generally be comparable in the 3 genders evaluated.
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